Since traditional diagnosis of dermatophyte infections is slow, we present a rapid new PCR test for detection of Trichophyton spp., Microsporum canis and M. audouinii infections. The performance of the test was evaluated with: 58 dermatophyte isolates; 10 yeast, mould and human DNA control samples; 25 routine specimens from patients suspected of having dermatophytosis; 10 hair specimens from guinea pigs experimentally infected with M. canis; and two samples from un-infected control animals. DNA was prepared by a 10-min procedure from pure cultures as previously described. The 302 bp PCR product was obtained for 35/35 Trichophyton isolates (10 species included) and the 279 bp for 3/3 M. canis and 4/4 M. audouinii samples. None of the 2 E. fl occosum, 11 M. gypseum, 3 M M. persicolor or 12 control samples (yeast, mould, human DNA) were positive with either of the two PCR tests. Among the patient specimens, seven were T. rubrum positive, two for T. mentagrophytes, one was positive for T. tonsurans and 15 were dermatophyte negative by routine investigation (culture and/or pan-dermatophyte + T. rubrum multiplex PCR). The PCR results with our procedures were in 100% agreement with these results. Finally, the Microsporum PCR was positive for 10/10 guinea pig specimens from infected animals but for 0/2 of the control animal samples. The evaluation of the two PCR tests indicated excellent sensitivity and specifi city.
Introduction
Members of the three dermatophyte genera Trichophyton, Epidermophyton and Microsporum are the main infectious agents of human and animal ringworms [1] [2] [3] . The species distribution varies with age, site of the infection and with the geographic locations of the patients [1, [4] [5] [6] [7] . Conventional mycological diagnostics based on microscopy and culture requires experienced personnel [3, 8] . Due to the slow growth of dermatophytes the time needed for detection and species identifi cation is typically 2-4 weeks. In the case of nail infections, approximately 20% of the samples are culture negative despite being microscopy positive illustrating the low sensitivity of culture. Moreover, some of the isolates fail to develop characteristic morphologic features and are thus diffi cult to identify to the species level. For therapeutical reasons it is important to distinguish among infections involving the three dermatophyte genera, as those due to Epidermophyton and Trichophyton are susceptible to terbinafi ne but those caused by Microsporum spp. are less sensitive to this drug [9, 10] . Thus diagnostic procedures that provide identifi cation to the genus level enable early and appropriate treatment [11] [12] [13] [14] [15] [16] . Equally important is the fact that such rapid identifi cation eliminates unnecessary treatment with their potential side effects in instances of non-dermatophyte nail and skin disorders [17] . There are numerous papers in the literature concerning PCR identifi cation of dermatophyte species, but their application in large routine laboratory settings is questionable due to applied methods [18] [19] [20] or the possibility of the identifi cation of a limited number of species [21] .
We have previously described a highly sensitive 5-hour PCR test for the rapid identifi cation of the etiologic agents in cases of onychomycosis which detects any dermatophyte and allows for the species identifi cation of T. rubrum in patient specimens [22] . In order to be able to use this procedure for other dermatophyte infections we subsequently developed PCR tests for the separate detection of members of the genera Trichophyton, Microsporum and Epidermophyton. The Epidermophyton-specifi c PCR was recently described in patent WO/2006/133701 and we here reported and evaluated new PCR-based tests for the identifi cation of the etiologic agents in infections caused by any Trichophyton species and those due to Microsporum audouini and M. canis.
Material and methods

Isolates and controls
A total of 58 dermatophyte isolates and 10 yeast, mould and human DNA controls samples were included in the study. Among the dermatophytes 21 were Microsporum spp., 35 Trichophyton spp. and two were E. fl occosum ( Table 1 ). The fungal isolates were chosen from among those stored at the national reference laboratory at Statens Serum Institute (SSI) in order to provide a broad range of species that could be found in clinical samples. Species identifi cation was performed by microscopy and culture observations as previously described [23] .
Human and animal specimens
The study included 25 randomly selected patient specimens received at SSI, 10 hair specimens from culture positive guinea pigs (Hsd.Poc:DH; Harlan Netherlands, Horst, The Netherlands) experimentally infected with M. canis and hair samples from two un-infected guinea pigs [24] . The routine diagnostic procedures employed with these clinical specimens depended on the specimen type. Seven skin and fi ve hair samples were examined by microscopy and inoculated onto culture media, while thirteen nail specimens were tested using a multiplex PCR procedure (detecting any dermatophyte and specifi cally T. rubrum) followed by the culturing of those samples which were dermatophyte positive, but T. rubrum negative. All isolates were identifi ed by microscopy and observation of colony features as previously described [23] .
The human DNA belongs to the collection of Department of Microbiology of Gdansk University of Technology.
DNA preparation (patent application WO/2006/133701)
Patient specimens, guinea pig specimens and fragments of dermatophyte colonies approximately 3-5 mm in diameter (cultured on Sabouraud dextrose agar with cycloheximide and chloramphenicol), were placed in 1.5 ml Eppendorf tubes to which was added 100 μl of extraction buffer (60 mM sodium bicarbonate [NaHCO3], 250 mM potassium chloride [KCl] and 50 mM Tris, pH 9.5). The tubes were incubated for 10 min in 95°C and subsequently, 100 μl of 2% bovine serum albumin was added. After vortex mixing, 2 μl of this DNA-containing solution was used for PCR analysis. Non-dermatophyte isolates were from the collection of Department of Microbiology of Gdansk University of Technology.
Primer design
ITS region of rDNA was chosen as a molecular target for Trichophyton and Microsporum canis/M. audouinii specifi c primers, as it has been extensively used for molecular taxonomy of dermatophytes. The primers were designed after analysis of rDNA sequences (VectorNTI, Invitrogen) 
Trichophyton genus specifi c PCR
The following primers specifi c for fungi belonging to the Trichophyton genus were designed based on the alignment (VectorNTI. Informax) of dermatophytes rDNA: Trich302-for 5´ TTG CTA AAC GCT CAG ACT GAC AGC 3´ and Trich302rev 5´ CGG AAG GAT CAT TAA CGC GCA GGC C 3´. PCR mixtures consisted of 10 μl of PCR Ready Mix containing 20 mM Tris-HCl, pH 8.3, 100 mM KCl, 3 mM MgCl2, 0.002% gelatin, 0.4 mM dNTP mix (dATP, dCTP, dGTP, TTP), stabilizers, 0.06 units Taq DNA Polymerase/mL (Catalog Number P0476, Sigma, Germany), 0.2 μl of each primer (Trich302for and Trich302rev) at 100 μM, and 2 μl of DNA in a volume of 20 μl. PCR was performed in an Eppendorf thermal cycler. The time-temperature profi le for PCR procedure was chosen based on gradient PCR experiments (data not shown) and was 35 cycles of 45 s at 94°C, 45 s at 70°C, and 45 s at 72°C, preceded by initial denaturation for 10 min at 95°C. The presence of specifi c PCR products of approximately 302 bp was examined using electrophoresis on a 2% agarose gel stained with ethidium bromide.
Microsporum canis/M. Audouinii-specifi c PCR
The following primers specifi c for canis and M. audouinii were designed based on the alignment (VectorNTI, Informax) of dermatophytes rDNA sequences: Micr279for 5´ CCT AAG CGG TGG GTG GTT ACT G 3´ and Micr279rev 5´ TGA AAG AAC ATA CCG TCT GAG CG 3´. PCR mixtures consisted of 10 μl of PCR Ready Mix (Sigma, Germany), 0.2 μl of each primer (Micr279for and Micr279rev) at 100 μM, and 2 μl of DNA in a volume of 20 μl. PCR was performed in an Eppendorf thermal cycler. The time-temperature profi le for PCR was 35 cycles of 45 s at 94°C, 45 s at 55°C, and 45 s at 72°C, preceded by initial denaturation for 10 min at 95°C. The presence of specifi c PCR products of approximately 279 bp was examined using electrophoresis on a 1% agarose gel stained with ethidium bromide.
Results
Two pairs of primers, i.e., Trich302for with Trich302rev and Micr279for with Micr279rev were examined for their specifi city to the DNA isolated from cultures of 58 dermatophytes. The 302 bp PCR product was obtained for all of Trichophyton species (Fig. 1) and 279 bp for all of M. canis and M. audouinii DNA (Fig. 2) as shown in Table 1 . Moreover the primers were examined with 25 patient specimens, including seven positive for T. rubrum, two for T. mentagrophytes positive, one positive for T. tonsurans and 15 were found to be dermatophyte negative by routine investigation at the Laboratory of Mycology and Parasitology at SSI. Additionally specifi city of the primers was confi rmed on the DNA extracted from guinea pig hair specimens (Table 1) .
Discussion
The use of PCR in diagnosis of dermatophytosis is widely described, however, only a limited number of laboratories have implemented molecular techniques as part of their routine procedure in the direct analysis of patient specimens before culture [22] . In this study we present two new pairs of specifi c primers which together with the previously described pan-dermatophyte, T. rubrum and Epidermophyton-specifi c primer pairs, can be included in the diagnostic Fig. 1 Example of genus Trichophyton-specifi c PCR product analysis. Lanes: 1 -molecular size marker (fragment sizes, 1000, 900, 800, 700, 600, 500, 400, 300, 200, and 100 bp); 2 -negative control, 3 -M. canis, 4 -M. audouinii, 5 -T. mentagrophytes, 6 -T. interdigitale, 7 -T. rubrum. algorithm allowing early and rational choice of treatment of dermatophytosis. The fi rst presented pair of primers, i.e., Trich302for with Trich302rev allows for detection and identifi cation of dermatophytes belonging to the genus Trichophyton. The specifi city of the primers was confi rmed by identifi cation of DNA purifi ed from pure cultures of isolates and directly in patient samples (Table 1 ). The specifi city of the second pair of primers Micr279for with Micr279rev was confi rmed with DNA purifi ed from pure cultures of isolates (Table 1) and DNA from hair specimens of guinea pigs infected with M. canis [25] .
The most appropriate algorithm for detection of dermatophytosis will include an initial screening for the presence of dermatophytes using our previously described pan-dermatophyte -T. rubrum-specifi c multiplex PCR [22] . However, the subsequent steps will depend on the local species distribution and the origin of the sample. In most countries T. rubrum is the predominant dermatophyte species and Microsporum spp. is very rarely encountered in nail infections and athlete's foot. Thus, if pan-dermatophyte positive, but T. rubrum negative, the second PCR employed with foot and nail specimens would be the Trichophyton genus PCR test species [6, 23] . An algorithm based on the Danish epidemiology [6] is shown in Fig. 3 . As indicated, 93% of our samples do not need additional testing following the initial multiplex PCR. The remaining 7% require a second PCR and the culture of specimens for species identifi cation. Identifi cation to genus is suffi cient to select appropriate therapy, but species identifi cation is important for epidemiological purposes and for tracing the source of infection (zoonotic or human host) [26] . Conventional PCR tests are inexpensive and the overall benefi t associated with a very rapid diagnosis (1 day for 93% of the samples, 2-3 days for providing genus identifi cation of the remaining specimens) compared to weeks for traditional diagnostics outweighs the limitations in our mind, and overall the time spent on diagnostics has been reduced considerably.
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